Results-IL-4 concentrations were at the lower limits of detection of the assay. The concentrations of sCD-25 were greater in samples from patients with acute illness than from convalescent patients and both were greater than in control samples. sICAM-1 concentrations were similar in samples from patients with acute illness and convalescent patients, but both were greater than in samples from controls. Eosinophil cationic protein concentrations were lower in samples from patients with acute illness than in those from convalescent patients; there was no diVerence between samples from convalescent and control patients. Myeloperoxidase concentrations were similar in all samples. There was no correlation between the severity of infection and the concentrations of any inflammatory mediators. Conclusions-There is evidence of an inflammatory response in the peripheral blood of infants with acute bronchiolitis which may aVect lymphocytes and eosinophils, but an association between this response and the severity of illness was not shown here.
Respiratory syncytial virus (RSV) bronchiolitis is one of the most important causes of death and morbidity in infants less than 6 months of age. 1 RSV infections are prevalent in young children and almost all have serological evidence of infection by the age of 2 years. 1 The proportion of those infected who develop symptoms is unknown, however. Studies of urban populations 2 have estimated that 25/ 1000 infants will develop RSV bronchiolitis severe enough to require hospital admission and about 3% of these develop respiratory failure and require ventilation. Although there is evidence that factors such as pre-existing cardiopulmonary disease, 3 prematurity, 4 parental smoking, 5 and atopy 6 7 may predispose to severe bronchiolitis and death from RSV infection, the mechanisms by which this occurs are not understood.
Young children vaccinated with RSV inactivated with formalin developed augmented lower respiratory tract disease during subsequent natural infection. Studies at necropsy of such children showed pathological changes which included the infiltration of lymphocytes and eosinophils into the lungs. 8 In addition, children who had more severe bronchiolitis when subsequently infected with the natural virus showed an increased blood eosinophilia relative to controls. 9 This concept of RSV bronchiolitis as an immunopathological disorder has been supported by experimental studies in BALB/c mice, 10 11 where the passive transfer of CD4+ and CD8+ cell lines into animals infected with RSV caused them to become ill and lose weight. Both cell lines reduced lung titres of RSV (CD4+ more than CD8+) but increased the severity of their lung pathology and recipients of CD4+ cells developed a striking pulmonary eosinophilia. There is further evidence from the murine model that RSV antigens can selectively activate T lymphocyte subsets.
12 13 Alwan et al have shown that whole inactivated virus and recombinant vaccinia expressing the major surface glycoprotein of RSV preferentially activate lymphocytes that express type 2 cytokine profiles. 12 In previous work by the same group the vaccinia recombinant expressing the major surface glycoprotein was shown to produce a response in the bronchoalveolar lavage fluid which included eosinophils. 14 We aimed to investigate the immunological responses to RSV infection in infants by measuring the serum concentrations of inflammatory mediators known to be produced during immunological responses. We evaluated the lymphocyte responses by measuring concen-trations of interleukin-4 (IL-4), soluble interleukin-2 receptor (sCD-25), and intercellular adhesion molecule-1 (ICAM-1). IL-4 is an important type 2 cytokine. 15 In children with asthma, serum concentrations of sCD25 have been shown to be higher than in controls 16 and to correlate with asthma severity. 17 Soluble ICAM-1 (sICAM-1) mediates various cell-cell interactions in inflammation by binding to leucocyte integrin adhesion receptors 18 and has been implicated in the inflammatory process, resulting in epithelial cell injury in asthma. To assess the eosinophil response we measured the concentrations of eosinophil cationic protein, a cytotoxic protein contained in the granules of eosinophils, which has been studied previously in infants with RSV infection. 19 A previous clinical study has challenged the view that excessive lymphocyte mediated cytotoxic activity is principally responsible for the pathology of RSV bronchiolitis and suggested that neutrophils play an important part. 20 We therefore measured myeloperoxidase, which is a neutrophil primary granule product. 21 Serum concentrations of myeloperoxidase have been found to be increased in children with acute bronchiolitis. 22 Two hypotheses were investigated. Firstly, that the concentrations of the inflammatory mediators would be increased during acute bronchiolitis and, secondly, that the concentrations of inflammatory mediators would vary depending on the severity of the child's illness.
Patients and methods
Ninety four infants less than 1 year of age, admitted to the Royal Liverpool Children's Hospital between January 1991 and March 1992, were recruited to the study. All had symptoms of a coryzal illness with or without lower respiratory tract symptoms and signs. Respiratory syncytial virus infection was diagnosed initially by indirect immunofluorescence on nasopharyngeal aspirates, but was confirmed in all patients by a reverse transcriptase polymerase chain reaction 23 using specific primers for the nucleoprotein gene. 24 A sample of clotted blood was obtained at the time of the child's admission to hospital with RSV infection (acute sample). A further convalescent serum sample was taken at least 10 days later (range 10-153 days) when the child had recovered from the acute illness. All clotted blood samples were separated by centrifugation and immediately stored at -20 0 C. Controls were well children less than 1 year of age who had a routine blood sample taken as part of their assessment before an operation.
During the child's admission for acute illness clinical details were recorded by interviewing the parents and examining the case notes. This information enabled the children to be classified subsequently by one of us (RLS), who was unaware of the study results, into one of four groups according to the severity of the child's illness. The illness was assessed as being very mild (coryza only), mild (symptoms of lower respiratory tract infection), moderate (requiring nasogastric or intravenous fluids), and severe (requiring oxygen or ventilation). The severity groups to which patients were assigned represented their clinical status during the most severe period of their illness.
IL-4, sICAM-1, and soluble CD25 (sCD25) were measured in the acute and convalescent serum samples using commercial ELISA kits (Medgenix Diagnostics, Fleurus, Belgium). Serum samples were diluted as necessary with the buVer supplied and duplicate assays were performed on each. Assays were read using a Multiskan MCC/34o MkII ELISA reader (Flow Laboratories) at 450 nm. Cytokine concentrations were calculated from the standard graph of duplicate standards included on each plate and the mean value for each sample was calculated. Eosinophil cationic protein and myeloperoxidase concentrations were measured by commercial radioimmunoassay kits (Pharmacia, Uppsala, Sweden) as described previously. 25 26 Bound radioactivity was measured by gamma counting and the concentrations of eosinophil cationic protein and myeloperoxidase in each serum sample were interpolated from the graph of the standards included.
DiVerences between sICAM-1, sCD-25, eosinophil cationic protein, and myeloperoxidase concentrations in the serum samples from infants during the acute and convalescent phases of their illness and from control infants were analysed by Student's t test using SPSS statistical software (SPSS Inc). Student's t test was also used to compare the concentrations of the inflammatory markers in the acute serum samples of children with moderate and severe disease with those in the mild and very mild groups. Comparisons of serum samples of the same patient during the acute illness and during convalescence were by the paired sample t test, whereas those between diVerent patients were by independent t test.
This study was performed as part of a larger study to investigate the pathogenesis of RSV bronchiolitis. 27 Ethical committee approval was obtained from the local paediatric research ethics committee.
Results
Of the 94 infants studied there were six, 33, 24, and 26, respectively, in the very mild, mild, moderate, and severe disease groups. In five infants there was insuYcient clinical information to accurately classify the severity of disease. Measurements of IL-4 in patients during the acute and convalescent phases and at all severities were at the lower limits of detection of the assay system.
Concentrations of sCD-25, sICAM-1, eosinophil cationic protein, and myeloperoxidase were measured in paired samples from 81, 80, 89, and 87 infants, respectively, with bronchiolitis. The sCD-25 concentrations were significantly greater during the acute illness than during convalescence (p < 0.01). The sCD-25 concentrations in infants with bronchiolitis during both the acute disease and convalescence were significantly greater than in the controls (p < 0.01) (fig 1) . The sICAM-1 concentrations measured during acute illness were not significantly diVerent from those measured during convalescence. The sICAM-1 concentrations in infants with bronchiolitis at both times were, however, significantly greater than in controls (p < 0.01) (fig 2) . The eosinophil cationic protein concentrations were significantly lower during acute illness than during convalescence (p < 0.01), but there was no difference between infants with bronchiolitis at either time point and the controls (fig 3) . To assess whether this relation was found for those convalescent samples taken more than 30 days after acute infection, we repeated the analysis on this subgroup and found that eosinophil cationic protein concentrations in serum samples taken during acute disease were lower than in samples taken after 30 days (p < 0.01). Myeloperoxidase concentrations were similar in infants at both time points and in controls (fig 4) . There was no significant diVerence between concentrations of sCD-25, sICAM-1, eosinophil cationic protein, and myeloperoxidase measured during acute illness in infants in the moderate and severe groups compared with those in the mild and very mild groups (data not shown).
Discussion
We have shown that inflammatory mediators produced during a lymphocyte response are increased during acute infection in children with bronchiolitis compared with controls. In addition, sCD-25, but not sICAM-1, concentrations were increased during acute infection compared with those concentrations measured when the child had recovered. Concentrations of eosinophil cationic protein, a toxic product of activated eosinophils, 28 were, however, lower in infants with bronchiolitis during the acute illness than when they had recovered clinically. Concentrations of myeloperoxidase, an enzyme released by activated neutrophils, were similar in children with bronchiolitis and controls.
Although, to our knowledge, the mediators of lymphocyte activation have not been studied extensively in children with bronchiolitis, they have been studied in asthma, a disorder with many clinical and epidemiological similarities to bronchiolitis. 5 6 Respiratory viruses are often associated with exacerbations of asthma 29 and activated T lymphocytes and eosinophils are thought to play a central part 30 31 in the immunopathology of asthma. In bronchoalveolar lavage fluid from patients with asthma, concentrations of sCD25 correlated with the percentages of eosinophils, 32 suggesting that T cell activation within the bronchial tree and eosinophil infiltration are intimately associated. Bentley et al have shown that the epithelial expression of sICAM-1 was more common in patients with asthma than in control subjects. 33 In a primate model of asthma, Wagner et al 34 showed that eosinophil infiltration in the airway 
Figure 4 Serum concentrations of myeloperoxidase (MPO) in patients during acute illness, during convalescence, and in controls. Horizontal lines indicate mean values. Each patient is represented by an individual symbol
was reduced by monoclonal antibodies to sICAM-1. It was disappointing that the measurement of IL-4 responses was not more informative, but we would be cautious about interpreting the presence of a type 1 or type 2 lymphocyte response on the basis of these data.
The roles of eosinophil cationic protein and myeloperoxidase, inflammatory mediators produced by eosinophils and neutrophils, respectively, have been extensively studied in patients with asthma 28 35 and bronchiolitis. 19 36 In a study in Sweden, Sigurs et al measured eosinophil cationic protein and myeloperoxidase in serum samples from 19 infants with RSV bronchiolitis and then again one and six months later. 22 Serum eosinophil cationic protein concentrations did not diVer significantly between acute infection and the follow up visits, but serum myeloperoxidase concentrations were significantly higher during acute infection than one month later. Eosinophil cationic protein/albumin ratios in nasal secretions from 34 children with RSV bronchiolitis were significantly lower than those measured six months later, however.
One of the problems with examining inflammatory mediators circulating in the serum is that these measurements may not provide an accurate reflection of the immunological responses occurring in the aVected organ. Sigurs et al did not find any correlation between eosinophil cationic protein concentrations in serum and nasal secretions. 22 There are, however, potential sources of error in collecting material such as nasopharyngeal aspirate and bronchoalveolar lavage fluid from the airways, including diYculties in quantifying the secretions and the measured substances and correcting for any dilution. 22 The correlation between serum sCD-25 concentrations and objective clinical measures of airway obstruction in children with asthma provides some reassurance that serum concentrations of sCD-25 reflect disease activity. 17 It was therefore interesting in this context that sCD25 concentrations were higher in infants during acute infection than at follow up. The converse result for eosinophil cationic protein, where concentrations were higher after the acute infection, is also interesting. This is not due to a peaking of eosinophil cationic protein concentrations shortly after illness, as the relation still held when the comparison was made just for those samples from convalescent patients taken more than 30 days after acute infection. There is more than one possible explanation. As has been previously suggested by the work of Garofolo et al 19 it may be that there is a huge influx of eosinophils, with eosinophil cationic protein release locally in the airways, but this is not reflected in high serum eosinophil cationic protein concentrations. An alternative explanation 22 is that RSV bronchiolitis gives rise to a long standing inflammatory reaction in the airways and that eosinophil activation increases after acute infection. This may explain why some children subsequently develop recurrent wheezing.
When the severity of RSV bronchiolitis was examined, we could not show a correlation between this and the concentrations of any of the inflammatory mediators. Only six of the 94 infants studied had no lower respiratory tract symptoms and signs, however, indicating very mild disease. It is possible that if we had studied a group of infants who were more representative of the pattern of RSV disease in the community, such diVerences may have been evident. We are planning to investigate this by further studies which include infants with RSV infection who do not require admission to hospital. We are also planning to examine samples from the upper and lower airways.
This study of a large group of infants with RSV infection provides further evidence of an immunopathological response to this infection involving lymphocytes and eosinophils, but not neutrophils.
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